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Abstract:
In this work, the realization of an ultrafast broadband Cd3As2 based photodetector with a high sensitivity, high responsivity and high speed ( 145 GHz) over a broad wavelength range is reported.
OCIS codes: (320.7150) Ultrafast spectroscopy; (160.4236) Nanomaterials Cd3As2, a three-dimensional (3D) Dirac semimetal, 1,2 is a stable compound with high carrier mobility up to 9 × 10 6 cm 2 V 1 s
1
. [3] [4] [5] The extremely high mobility and ultrafast transient time is promising in approaching terahertz operation speed with high speed response. The gapless bandstructure allows the detection of low energy photon down to THz frequency, and the efficient carrier multiplications have the ability to enhance the internal quantum efficiency. Apparently, stable 3D Dirac semimetal Cd3As2, provides an outstanding opportunity as a new class of material platform for optoelectronics. Figure 1 illustrates the 800 nm time-resolved photocurrent (TRPC) measurements of Cd3As2 nanoplate device at room temperature with cross-polarized pump probe configuration. The width of pump probe pulse can be determined from the autocorrelation based on the reflection measurement, which shows an oscillation with a FWHM of 0.35 ps. The result indicates the autocorrelation pulse width of the laser is on the order of 200 fs. The exponential decay time constant of the pump induced photocurrent modification dip is around 6.87 ps, essentially, equivalent to an intrinsic bandwidth of 145 GHz. This speed is comparable to graphene and much larger than other technologies being investigated for optical communications, such as monolithically integrated Ge. The short-circuit photocurrent responses under different excitation photon energies from 0.12 to 2.33 eV is shown in Figure 2 . The 0.8 2.33 eV data were recorded by switching on/off the laser pulse with an excitation power of 10 W (6 ps, 20 MHz), taking from positive maximum PC position of the device at each wavelength, while the 0.12 eV data were recorded using a CW quantum cascade laser source with an excitation power of 0.67 mW. It is worth noting that the photon energy range is limited by the availability of light source rather than response of the device. As a zero gap Dirac semimetal with high carrier mobility, Cd3As2 should exhibit an ultrabroadband response extendable to much lower photon energy down to THz similar to that of graphene. A higher responsivity around 5.88 mA/W can be achieved with CW excitation at 633 nm on a different nanoplate device. This responsivity is about one order of magnitude larger than graphene detector (0.5 mA/W) with a similar device structure and experimental conditions. Figure 3 shows the temperature dependent photocurrent response pattern. In terms of the PC response mechanism, we note that the photovoltaic (PV) effect, which occurs due to the separation of photogenerated electron hole pairs by built-in electric fields at junctions, solely cannot interpret the generated PC response which is far away from the contact at low temperatures. Although the mobility of electrons is an order of magnitude larger than holes in Cd3As2, the PC generation as a result of PD effect should also occur adjacent to the contact, within the distance at the length scale of the carrier mean free path. As both PV and PD effects cannot explain the observed PC response away from the contact at low temperatures, the photothermoelectric (PTE) effect can be considered as the plausible mechanism. For PTE effect, the photogenerated hot carriers can produce a photovoltage through the electron temperature gradient and thermoelectric power difference of two adjacent regions. As the SiO2 substrate does not conduct heat effectively as metal and semimetallic Cd3As2, the gold contact is the major heat dissipation channel of the device. After photon excitation, the steady state electron temperature distribution and non-uniform distribution of thermoelectric power over the Cd3As2 sample determines the PC generated due to PTE effect. On the basis of this, the PC generation due to PTE effect does not rely on the proximity of the contacts and thus can contribute to the "nonlocal" response away from the two electrodes at low temperatures through the Shockley Ramo mechanism. 
